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Abstract 
All UN activities to propel sustainability to the forefront of international objectives, through the various summits, protocols, and 
mechanisms, have provided the motivation for the UK’s target setting for better sustainable development and zero carbon 
housing. The Code for Sustainable Homes (CSH) has been developed as a single accepted standard for sustainability, with the 
aim of reducing the detrimental impacts of construction on the environment. CSH identifies these as water use, waste generation, 
and use of pollutants. The main aim of this study is to consider the feasibility of the government achieving its objective of all new 
build homes having a zero carbon rating by 2016, through the implementation of CSH. The key findings of this review identify 
barriers that prevent the UK housing sector from achieving zero carbon housing. These include cost, legislative, cultural,  and 
technical impediments. The research review undertaken demonstrates that building costs have increased from the mandatory 
minimum standard set (i.e. through building regulations) relative to the achievement of the higher levels of CSH. 
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1. Introduction 
Evidence collated during 1949 identified a 10% increase in CO2 as being responsible for a warming effect 
relevant to Europe and North America [1]. Henceforth, there was widespread acceptance of the detrimental impact  
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of CO2 emissivity on the Earth’s atmosphere and, therefore, of the warming effect it created. According to Brown et  
al. [2], a g lobal economy, expanding at an increasingly rapid rate over recent years, has led to the depletion of the 
ozone layer and global warming, exacerbated by other globally detrimental factors. This makes govern ments all over 
the world act quickly by introducing policies and regulations to tackle the impacts of climate change, which is one 
of the sternest challenges facing humanity and threatens its existence. The means and level of response to this 
challenge will have a great impact on the quality of the environment for future generations. Evidence has shown that 
by 2035, the concentration of greenhouse gases in the atmosphere may rise to double the levels of the pre -industrial 
world [3].  
Irrespective of motivation, whether concerned with global environmental issues, or those of domestic trade, the 
work of the UK government during the 1990s established significant environmental indicators, thus providing a 
substantial basis for the development of policy concerning sustainability. The Climate Change Act 2008 committed 
the UK government to an 80% reduction in greenhouse gas emissions by 2050, compared to those of 1990 [4]. To  
achieve this ambitious target, intermediate goals have been set, one of them being a zero  rating for all new build  
homes by 2016. Homes in the UK are accountable for 27% of the country’s CO2 emissions, and so attention should 
focus on how the design and construction of these new homes can help in the reduction of emissions [5].  
Hoffert [6] comments that, at the behest of the government, indicators for sustainability were established in order 
to provide a basis for debate and consideration. Findings from the study recommended that reference be made to all 
sub-sectors of the UK economy, by means of consistent energy (consumption and emission) indicators. Primary  and 
secondary consumption of energy were also identified as relevant for assessment, in addition to all data associated 
with the consumption (in particular by means of addressing each unit consumed in terms of the output derived) and 
also in terms of its pollutant effect. Hoffert [6] adopted a 1970 baseline, in order to assess the energy data examined. 
It is unclear from this source whether it originates in official UK energy benchmarking an d, moreover, whether the 
1970 data for the purpose of identify ing trends in the indicators under investigation was stipulated by the 
Department of the Environment [7]. If so, for what reason was this selected as the most appropriate period to 
commence such a benchmarking exercise?  
Provided that the UK maintains a rate of modest economic growth and that the ratio of pollutants to energy 
contracts, environmental protection is achievable. Whether or not it is feasible to achieve a reduction in the amount 
of energy consumed during the development process, in accordance with stated timescales, is a question posed by 
many sources [8]. 
The purpose of the research presented in this paper is to ascertain the level at which CSH has been implemented 
and the barriers preventing such. In order to achieve this aim, three objectives have to be accomplished: to trace the 
evolution of CSH and Government objectives for Zero  Carbon housing by 2016; to ascertain the current status of 
CSH; and to evaluate  the barriers which exist for full implementation of CSH in the UK housing sector, in 
achieving zero carbon homes by 2016. 
2. Code for Sustainable Homes (CSH) 
2.1. The Stern Review 
The Economics of Climate Change was the largest ever review of this subject. In concluding his findings, Sir 
Nicholas Stern stated:  
“The rate of emissions cuts required to meet a stabilization goal is very sensitive to both the timing of the peak in  
global emissions, and its height. Delaying action now means more drastic emissions reductions over the coming 
decades." [9, p. 199] 
As a product of these findings, the imperative to ensure that homes are built to minimize energy consumption and 
its detrimental effects was created [10]. The environmental impacts of construction were identified, through the 
preamble to CSH, as water use, waste generation, and use of pollutants. CSH claims that the detrimental effects of 
these features can be reduced through the integration of h igher sustainability performance standards during the 
design process. Further, it is argued that better sustainable homes could serve to improve the quality of life and 
standards of living. 
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2.2. The Development and Purpose of the CSH 
The purpose of CSH is to drive a step change in sustainable practices for home building. In  conjunction with the 
British Research Establishment (BRE) and the Construction Industry Research and Information Association 
(CIRIA), CSH has been developed to form a standard of critical design and construction elements which  results in a 
high level of sustainability in new homes [10]. 
The BRE EcoHomes System was used as a basis of developing CSH. EcoHomes has been instrumental in  
reducing the impacts upon the affordable and social housing sectors. The Department of Communit ies and Local 
Government (DCLG) [10] stated that CSH had improved upon those measures introduced under EcoHomes, in that 
it sets the minimum standards required for water efficiency and energy at every level of the proposed code. 
Consequently, higher levels of sustainability performance in these areas are required for achieving a higher CSH 
rating [10]: 
x a simpler system of awarding points is proposed in CSH and complex weightings are removed;  
x new areas of sustainability design are included in the proposed code, such as lifetime homes and inclusion of 
composting facilities; and 
x CSH is in accordance with the planning system, guiding sustainability in broader locational and aesthetic issues.  
The code measures the sustainability of a home against key design categories and rates the whole unit as an 
overall package. The key design categories are energy/CO2, materials, pollution, management, water, surface water 
run-off, ecology, health and well-being, and waste. 
CSH aims to become a singularly accepted national standard for developers and is intended to deliver to the 
customer base (home buyers) a means of choice in their purchase. CSH is to be effected into UK building practices 
through serving as a basis for modifications to the building regulations standards, in respect of both energy use and 
carbon emissions attributed to housing. 
3. Methods 
The research method designed and used to achieve the above-mentioned aim and objectives is an eclectic 
approach, embracing both quantitative and qualitative methods. A document analysis was carried out to understand 
the evolution of CSH and a descriptive questionnaire was developed based on previous related works. To achieve 
the objectives of this research, questionnaires were sent to practitioners whose operations include the construction of 
houses either wholly or partially. Random sampling was used in this investigation, as it would give the researcher an 
accurate insight into what builders of new homes are doing about CSH implementation. In order to select a random 
sample, a  list of the population was obtained in the first instance. To ensure that the sample chosen was 
representative of the overall population, a list of the targeted population of developers who construct housing either 
wholly or part ially as part of their development operations was identified. It was decided to use the  directory of 
house builders comprised within  the HBF d irectory, to  ensure that the population is consistent. A random sample of 
developers was chosen for participation within the research, ensuring that all of the population has the same 
probability of being sampled [11]. The HBF directory provides details of some 143 house builders. Therefore in  
accordance with the recommendations of Fellow and Liu [11], this list was numbered and a total of 71 participants 
were randomly selected for the purpose of the questionnaire survey. The sampling size has taken care of the 
variability of the data set in terms of size of the organisation, regional variat ion and annual turnover of the 
organisations. 
4. Factors affecting Feasibility of achieving “Zero Carbon”  
4.1. Renewable Resources 
According to the UK Low Energy Transition Plan [12], renewable resources (renewables) are to eventually 
provide 15% of UK energy demand. The plan is to “green the grid” by means of increased capacity and better 
performance through the connection of renewables. Hamza and Gilroy [13] criticize this aim, inas much as the 
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measures to meet such a level of demand from renewables, and the requisite improved performance of the electricity 
grid infrastructure, do not consider other factors such as higher energy consumption as a result of increased demand 
for white and leisure goods. 
As a means for households to monitor their overall energy consumption, it is proposed that by 2020, energy 
metering should be in operation in all UK dwellings. The commitment of th e UK Coalit ion government to 
encouraging the use of renewables is exemplified by the introduction of the “feed -in-tariff,” in April 2010; this is a 
measure to encourage occupants’ use of renewables for domestic hot water and electricity requirements. To 
incentivize increased use of renewables for these purposes, the tariff operates by remunerating households at four 
times the cost of a single kWh supplied from the grid [12]. The relatively  recent introduction of the feed-in-tariff 
means that data availab le is scarce. Hence, it is too early to evaluate the effectiveness of the UK population’s 
participation in this use of renewables and thus its impact on reducing UK carbon emissions. 
4.2. The Ageing UK population 
According to Harper [14], the UK is subject to what is a g lobal demographic change attributed to a decreased 
birth rate and increased life expectancy. Concordant with this v iew is that of data released by the Office of National 
Statistics which demonstrates a greater number of people above the catchment fo r entit lement to State Pensions than 
there are ch ild ren under the age of 16 [15]. The total number o f o lder people, combined with the current UK 
economic climate is perhaps causation of the number of the level of housing units owned by this category of 
population. Indeed according to the Department of Communities and Local Government, 30% of households are 
occupied and owned by the older section of the population (over 65) [16, p. 11]. Hamza and Gilroy [13] assert that 
the issues with such a large number of owner-occupiers belonging to the older group of society. The notion that 
home ownership does not necessitate adequate and decent housing is further revealed by statistics provided by the 
Department of Communities and Local Government [17].  
The energy banding of dwellings of differing demographic groups was investigated. The results of the study 
demonstrated that those persons in the older demographic were, by a margin, more likely to be liv ing in homes more 
costly to heat [13]. The group liv ing in the worst performing dwellings (B and G) were determined as single older 
people. Seventy percent of properties failing to meet decent housing standards of; a reasonable degree of thermal 
comfort, a reasonable state of repair, and reasonably modern facilit ies and services, are in that of the owner occupier 
demographic [16]. 
The older population of the UK are the group least likely to  benefit from the measures either to improve thermal 
comfort or affo rdability [13, 18] . These authorities accredit this to; the disproportionate effects of reduced income 
of this demographic when compared to other sectors of society and in relation to their asset holding (cash poor and 
asset rich), under occupation of homes owned by older occupants, in some instances and most with the t op end of 
the older demographic sole responsibility for fuel bills, compounded by a lack o f inclination, scope and means to 
improve their dwellings. Preston et al. [18] go further to argue that if older home owners were to move into new 
build, with all the benefits of being built to current energy standards, they would reap the benefits of improved 
thermal comfort and warmth and the shift would actuate a large contribution to reducing carbon emissions.  
In considering the argument from Preston et al. [18] it is useful to regard the work of Collins [19], which found 
that the older generation are far more sensitive to ambient temperatures than the younger generation, due to their 
more sedentary lifestyles. This is the reasoning for the greater temperatures exhib ited in the homes of the older 
generation. Hamza and Gilroy [13] exp lain this in the terms of the disparity in sensitivity between older and younger 
occupants; although thermal comfort  research does not provide such disparity of preference as to what is 
comfortable, the greater sensitivity of older persons is causation as to why thermal upgrades in the homes of older 
occupants will fail to achieve the reduction in energy consumption projected. 
4.3. The Ageing UK Housing Stock  
According to the Energy Saving Trus t [20, p. 3], the UK has the oldest homes amongst developed countries, as 
8.5 million properties are over 60 years old. The age and state of the UK housing stock is a major constraint when 
recommending energy saving measures. In terms of methods of construction, the introduction of the cavity wall only  
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emerged in the UK after the 1940s. Early properties exh ibit ing cavity wall construction techniques from th is time 
have widths not exceeding 50 mm. Hamza and Gilroy [13] comment that even if such voids are fully filled, they will 
be unable to meet current standards and regulations of thermal performance and efficiency. In terms, then, of the 
UK’s housing stock, many properties still occupied and owned date from a period where cav ity wall construction 
was either totally absent or is an example of early methods, insufficient to achieve current standards.  
The contribution of new build  housing to the overall UK stock is increasing at a nominal level of circa 1% per 
annum [13]. Further to this, a  low demolit ion rate leads to older properties’ life cycles extending further and further. 
It is postulated by Boardman [21] that the UK’s housing stock will only turn over once in 1,300 years if the 
demolition rate is maintained at the current annual level (0.1%). Boardman [21] further suggests that in order to 
mitigate the detrimental effects of retaining and perpetuating the aging UK housing stock, the rate of demolit ion 
should be increased four times over current levels (commencing with the worst performing dwellings). However, in  
arguing against increasing the demolition rate and accelerating the propensity of new builds, Power [22] states that 
the UK social convention of preferring older dwellings has to be factored into the retention of aging housing stock.  
Although contrary to the figures highlighted by Hamza and Gilroy [13], the intention of the previous Labour 
government to achieve emissions reduction policy targets through new build was crystallized in a policy statement 
[23]. All new homes were to be built to a rat ing of “zero carbon” by 2016, through the mechanism of the build ing 
regulations – increasing energy efficiency to 25% by 2010, 44% by 2013, and to target zero by 2016 [23]. 
Conversely, one year on, DCLG [17] found that previous approaches to meeting the zero carbon target by 2016 
lacked clarity, compounded by their reliance upon new technologies. The adoption of such new technologies was on 
a predominantly untested basis and thus created inherent challenges concerning their installation [17]. The basis for 
achieving reductions required to meet the zero carbon target ought to be founded on proven, robust construction 
details, rather than on methods whose performance is largely untested and which, therefore, may or may not prove 
effective. In assessing the ability of the new build sector to make a significant contribution to the overall energy 
efficiency of the UK housing stock, Hamza and Gilroy [13] raise concerns at what is absent from the wider 
considerations on achieving zero carbon – research into improving the performance of the ageing housing stock. 
5. Implications of the CSH upon the National House Builders  
Research conducted by Osmani and O’Reilly [24] concludes that several barriers exist to house builders 
achieving their target of delivering zero carbon housing by 2016. That study finds that although there is a presence 
of legislat ive, cultural, financial, and technical barriers, these can be overcome subject to strategic decisions being 
made within the supply chain.  
According to a DCLG report [25], there are several main factors that house builders face concerning the 
feasibility of zero carbon housing. Williams and Adair [26] and DCLG [25] acknowledge that due to the lateness of 
renewable technologies, the reliability of performance is unknown and to an e xtent largely untested. It is challenging 
for those smaller-scale house builders, in particu lar, to incorporate renewables into their developments. The costs of 
installation and, therefore, their implications for the “bottom line” are said to be not the least of the detriments that 
developers may suffer as a consequence of adopting renewables. Other considerations include a reduction in the area 
of outdoor space and impinging upon the aesthetics of the development [27]. Williams and Adair [26] observe that 
many larger UK house builders have standard house types which are replicated throughout their regional 
development areas. Policy that requires design amendments to these standardized house types will come at  a cost to 
the builder and can also increase the number of defects (by means of the known quantity of a standard house type 
evolving to meet new policy requirements and the use of unknown technology and construction methods therein).  
Williams and Adair [26] undertook research that exhibits a strong causal link between cu ltural and technical 
barriers. It is concluded that UK house builders are adverse to effecting change through the use of untested and 
unproven green technologies. They attribute this aversion to the fastidious nature of the UK construction  industry 
generally and its preference for tradit ional methods. These attitudes and perhaps unwillingness to embrace new 
technologies and methods present a barrier to innovation [28]. An absence of demand from the customer base (for 
sustainable solutions) at present is another cause perpetuating the traditionalist argument. Therefore, until 
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sustainability requirements are high on the wish lists of their customers, UK housing developers are likely to favor 
traditional methods [26, 29]. 
Osmani and O’Reilly [24] exp lain that an additional barrier to zero carbon homes is one of perceived cost. UK 
house builders are more averse to overcoming the previously discussed design, technical, and cultural barriers due to 
a strong, widespread perception that to achieve better sustainable and low carbon homes, additional costs are 
required. Whether actual costs meet perceived costs is not relevant in terms of that consideration presenting a barrier 
to innovation for house builders [29]. Williams and Adair [26] conclude that costs of implementing sustainable 
development are prohib itive when compared to tradit ional housing methods. Perceived cost as a barrier to zero  
carbon housing is, according to Osmani and O’Reilly [24], exacerbated by uncertainty over the costs associated with 
achieving the various levels of CSH. This cost variance is attributable to the differing service supply arrangements 
of national house builders and better economies of scale often being available to larger developers, which entails a 
smaller developer having to implement the same sustainable technologies at a greater unit cost [30, 31]. 
Further issues of cost barriers, attributed to the current financial climate, are presented by Osmani and O’Reilly  
[24] as a significant challenge to the government. In the absence of a plethora of data concerning the cost of 
achieving the various levels of CSH, UK house builders are averse to embark upon uncertain methods of sustainable 
construction. They argue that, considering the current financial climate and those b arriers that exist for the new build  
sector, the government’s path to achieving the 2016 objective is fraught with danger. Whether or not these 
challenges and barriers to low carbon housing will prove insurmountable to UK house builders is a question that can 
only be answered through the passage of time, as data on compliance with the government’s zero carbon targets 
(through the mechanism of CSH) is revealed. 
It is also claimed that due to the number of energy efficiency policies currently in effect, the result is prolonged 
acceptance and adoption by the building sector. Osmani and O’Reilly [24] anticipate that unless policy is preceded 
by sound legislation of sufficient clarity so as to be implemented swift ly, this will present further challenges to 
house builders in their critical role in  achieving the 2016 target. Banfill and Peacock [32] urge the government to 
produce sound legislation rather than announce further energy efficiency policies, if the adoption of sustainable and 
low carbon developments of new homes is to be taken up. Hence, sources concur that the effects of legislation rather 
than policy will make UK house builders meet their obligations and create an imperat ive to rise above the barriers 
(as discussed) to the construction of zero carbon homes, thus facilitating the achievement of the 2016 target. 
6. Findings  
As discussed in the literature review, the data indicates that of the respondents only 50% are working towards 
levels of CSH higher than the mandatory minimum set by the building regulations. The 50% respondent 
organisations working towards the higher levels of CSH were further interrogated within this section.  
The data also reveals that all 50% are working towards Code Level 4; of this, 54% are also working towards 
Code Level 5 and none are working towards Code Level 6 (zero carbon). Respondents were asked to estimate the 
average percentage increase across their developments as a consequence of implementing the requirements of CSH. 
In this instance, costs of implementation refer to the min imum level set through building regulations, compared with 
build costs prior to CSH coming into effect at a mandatory level. Of the 25 respondents, the greatest frequency 
distribution was in that of increases greater than 10%. None of the respondents estimated the increased build costs as 
a separate entity but rather as a percentage.  
The data demonstrated that a majority of the respondents believe there is a fairly low chance of the government 
achieving its objective. Indeed, there were more respondents who believe the likelihood of the objective being met is 
lower than there were optimistic respondents who selected a high or fairly high feasibility of the objective for all 
new build to be zero carbon (or Code 6) by 2016. Respondents were requested to give reasons for their statement on 
the level of feasibility, although the response to this request for additional informat ion was disappointing (only 
approximately 30% of the sample provided further information). The findings were poignant, if not representative. 
Respondents provided ratings to a number of stipulated barriers to the achievement of Zero Carbon Housing by 
2016. The rating system required respondents to rate each barrier from 1-5 in order of frequency of use.  
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Figure 1: Barriers to implementing CSH 
An aspect that had not been presented in the literature review, nor included in the questionnaire, was a nuance 
relating to the achievement of zero carbon housing by 2016. A number of respondents mentioned that the nature of 
planning regulations allowed  for pre-reg istration of developments under current build ing regulations, which may not 
be the best approach in achieving the gradations that may be required by the sector in its target of achieving zero  
carbon homes by 2016. 
7. Conclusion 
CSH was developed to form a standard of critical design and construction elements which will result in 
substantial improvements to the level of sustainability of a new home. This code quantifies the level of sustainability 
of the new home by measuring crit ical design and construction elements or categories, and rating the whole home 
unit as an overall and complete package. Demographic and social factors attest to the fact that house owners prefer 
the traditional style of construction and are not so concerned about the uptake  of new build. This is having a 
negative impact on actual uptake. Secondly, technological innovations with better energy rating are slow as 
compared to the number of new build and upgrades of old housing. Hence, what is available also has an impact on 
the future uptake of CSH. This study reveals that build costs have, in fact, increased both incrementally to the 
achievement of higher levels of CSH and in  comparison to the level of build  costs prior to the stipulated mandatory 
minimum level set by current building regulations. This could certainly be an area fo r further investigation, as the 
estimates of increased costs are not consistent among the sample. Such a disparity could also be attributed to a 
multitude of other factors, such as a lack of resources and knowledge. It is impossible to speculate with any accuracy 
on the cause of the disparity in increased build costs estimated by respondents; therefore, this area needs to be 
expanded to ascertain causation. 
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